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MOTOR INSULATION DETERIORATION 
DETECTION DEVICE 

This application claims priority to Japanese Patent Appli 
cation No. 2009-000395 ?led Jan. 5, 2009. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a device for detecting 

insulation deterioration in a plurality of motors connected to 
a motor driving apparatus capable of driving a plurality of 
motors. 

2. Description of the Related Art 
In JP-2006-226993A, there is described a device for 

detecting insulation deterioration in the Windings of a motor 
connected to a motor driving apparatus comprising a poWer 
supply unit for producing DC poWer by rectifying three-phase 
AC poWer and smoothing it by a smoothing capacitor and a 
motor driving ampli?er for inverting the DC poWer into AC 
poWer Who se frequency is variable and for driving the motor. 
The device detects insulation deterioration by using an elec 
tric charge that remains in the smoothing capacitor for a ?nite 
period after the three-phase AC poWer has been shut off. That 
is, When detecting insulation deterioration, the three-phase 
AC poWer is shut off, and one end of the smoothing capacitor 
is connected to ground and the other end to the motor Wind 
ings. Then, the discharge current ?oWing via the insulation 
resistance of the motor is compared With a reference value to 
detect the presence or absence of insulation deterioration. 

The degree of motor insulation deterioration is judged With 
reference, for example, to 10 M9, and if the insulation resis 
tance is smaller than this reference value, it is determined that 
the insulation has deteriorated. In the above device, the insu 
lation deterioration is not judged by directly measuring the 
insulation resistance, but is judged by comparing the dis 
charge current With the reference value, assuming that the 
voltage across the smoothing capacitor remains constant. 
HoWever, the voltage across the smoothing capacitor varies 
according to the supply voltage, and changes due to the dis 
charge occurring after the three-phase AC poWer has been 
shut off. Furthermore, the speed of change also varies accord 
ing to the siZe of the load. It is therefore not possible to 
accurately detect insulation deterioration based on the 
assumption that the voltage across the smoothing capacitor 
remains constant, and a false Warning of insulation deterio 
ration may be output. 
One possible method to address this problem Would be to 

measure the voltage across the smoothing capacitor as Well as 
the discharge current, to calculate the insulation resistance 
from them, and to compare it With the reference value. 

HoWever, in the case of a motor driving apparatus capable 
of simultaneously driving multiple motors, there arises the 
problem that such a measuring circuit has to be provided for 
each motor to be monitored and the con?guration of the 
apparatus thus becomes redundant. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a motor 
insulation deterioration detection device that can accurately 
detect insulation deterioration in multiple motors by a simple 
circuit con?guration. 

The above object is achieved by a motor insulation dete 
rioration detection device for detecting insulation deteriora 
tion in a plurality of motors connected to a motor driving 
apparatus comprising a converter unit having a rectifying 
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2 
circuit for rectifying AC poWer, a smoothing capacitor for 
smoothing an output of the rectifying circuit, and a plurality 
of inverters for inverting DC poWer output from the converter 
unit into AC poWer and for driving the plurality of motors, 
respectively, the detection device comprising: a ?rst sWitch 
Which is turned on to connect one end of the smoothing 
capacitor to ground When detecting insulation deterioration; a 
voltage detector Which detects a voltage across the smoothing 
capacitor; a plurality of second sWitches Which are turned on 
to connect the other end of the smoothing capacitor to Wind 
ings of the plurality of motors, respectively, When detecting 
insulation deterioration; a plurality of current detectors Which 
detect a discharge current of the smoothing capacitor that 
?oWs via insulation resistances of the plurality of motors, 
respectively, When the ?rst sWitch and the plurality of second 
sWitches are turned on; and a plurality of insulation resistance 
calculators Which calculate the insulation resistances of the 
plurality of motors, respectively, from the voltage detected by 
the voltage detector and the currents detected by the plurality 
of current detectors. 

Preferably, the ?rst sWitch and the voltage detector are 
provided in the converter unit, and the plurality of second 
sWitches, the plurality of current detectors, and the plurality 
of insulation resistance calculators are respectively provided 
in the plurality of inverter units, and preferably, the detection 
device further comprises communication means for transmit 
ting the voltage value detected by the voltage detector to the 
plurality of insulation resistance calculators. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram shoWing one example of a motor 
driving apparatus having an insulation deterioration detection 
capability according to one embodiment of the present inven 
tion; and 

FIG. 2 is a diagram shoWing a speci?c con?guration 
example of a voltage/ current measuring circuit. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

FIG. 1 shoWs one example of a motor driving apparatus 
having an insulation deterioration detection capability 
according to one embodiment of the present invention. 

While FIG. 1 shoWs an example of the motor driving appa 
ratus 14 that drives tWo motors 10 and 12, it Will be appreci 
ated that the number of motors is not limited to tWo. The 
motor driving apparatus 14 comprises a converter unit 18 and 
a plurality of (tWo) inverter units 24 and 26. The converter unit 
18 includes a recti?er 16 and produces DC poWer by rectify 
ing three-phase AC poWer 17. The inverter units 24 and 26 
include smoothing capacitors 20, 21 and inverter circuits 22, 
23, respectively, and drive the respective motors 10 and 12 by 
smoothing the DC poWer output from the converter unit 18 
and inverting it into three-phase AC poWer Whose frequency 
is variable. 
The smoothing capacitors 20 and 21 provided in the 

respective inverter units 24 and 26 are connected in parallel so 
that they together function as one smoothing capacitor having 
the combined capacitance of the smoothing capacitors 20 and 
21. 
The converter unit 18 includes a sWitch 28 Which, When 

turned on, connects one end of the recti?er 16, i.e., one endA 
of the smoothing capacitor 20, 21, to ground, and a control 
circuit 32 Which turns off an electromagnetic contactor 3 0 and 
turns on the sWitch 28 When detecting insulation deteriora 
tion. The converter unit 18 further includes a voltage measur 
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ing circuit 38 Which measures the voltage developed at the 
output end of the recti?er 16, more speci?cally, the voltage 
obtained by dividing betWeen resistors 34 and 36 the voltage 
(DC link voltage (VDC)) developed across the smoothing 
capacitor 20, 21, and an A/D converter 40 Which converts the 
measured voltage into a digital value. ON/OFF information 
of the sWitch 28 and the output of the A/D converter 40 are 
sent to the inverter units 24 and 26 in the form of serial signals. 
The inverter unit 24 includes a sWitch 56 Which, under 

instruction from a microcomputer 44, connects the other end 
B of the smoothing capacitor 20, 21 via resistors 48 and 50 to 
the output of the inverter circuit 22, i.e., the Winding of the 
motor 10. Current ?oWing through the resistor 48 is measured 
by a current measuring circuit 60 by measuring the potential 
difference developed across the resistor 48. The current mea 
sured by the current measuring circuit 60 is converted by an 
A/ D converter 64 into a digital value Which is supplied to the 
microcomputer 44. 

The inverter unit 26 includes a sWitch 58 Which, under 
instruction from a microcomputer 46, connects the other end 
B of the smoothing capacitor 20, 21 via resistors 52 and 54 to 
the output of the inverter circuit 23, i.e., the Winding of the 
motor 12. Current ?oWing through the resistor 52 is measured 
by a current measuring circuit 62 by measuring the potential 
difference developed across the resistor 52. The current mea 
sured by the current measuring circuit 62 is converted by an 
A/ D converter 66 into a digital value Which is supplied to the 
microcomputer 46. 
When detecting insulation deterioration, the control circuit 

32 in the converter unit 18 ?rst turns off the electromagnetic 
contactor 30 to shut off the poWer being supplied from the 
three-phaseAC poWer supply 17, and then turns on the sWitch 
28 to connect the one endA of the smoothing capacitor 20, 21 
to ground. The ON timing of the sWitch 28 and the result of 
the measurement of the DC link voltage by the voltage mea 
suring circuit 38 are sent via a serial communication circuit 42 
to serial communication circuits 24 and 26 in the respective 
inverter units 24 and 26 in the form of serial signals. 
Upon receiving the signal indicating the ON state of the 

sWitch 28 from the converter unit 18, the microcomputer 44 in 
the inverter unit 24 turns on the sWitch 56 to connect the other 
end B of the smoothing capacitors 20, 21 to the Winding of the 
motor 10. Thereupon, the discharge current from the smooth 
ing capacitor 20, 21 ?oWs via the ground resistance Z l of the 
motor 10, and this current is measured by the current mea 
suring circuit 60. 
The microcomputer 44 calculates the value of the insula 

tion resistance Zl from the DC link voltage value received 
from the converter unit 18 and the current value measured by 
the current measuring circuit 60, compares it With a predeter 
mined reference value, and outputs the result as an insulation 
resistance deterioration detection signal. 
Upon receiving the signal indicating the ON state of the 

sWitch 28 from the converter unit 18, the microcomputer 46 in 
the inverter unit 26 turns on the sWitch 58 to connect the other 
end B of the smoothing capacitor 20, 21 to the Winding of the 
motor 12. Thereupon, the discharge current from the smooth 
ing capacitor 20, 21 ?oWs via the ground resistance Z2 of the 
motor 12, and this current is measured by the current mea 
suring circuit 62. 
The microcomputer 46 calculates the value of the insula 

tion resistance Z2 from the DC link voltage value received 
from the converter unit 18 and the current value measured by 
the current measuring circuit 62, compares it With a predeter 
mined reference value, and outputs the result as an insulation 
resistance deterioration detection signal. 
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4 
The communication means for connecting the converter 

unit 18 With the inverter units 24 and 26, such as described 
above, may be implemented as parallel communication 
instead of serial communication, provided that it is con?g 
ured to be able to achieve the above function. 
By pre-designing the above mechanism into the converter 

unit 18 and inverter units 24 and 26, it becomes possible to 
detect insulation resistance deterioration in a plurality of 
motors by using a minimum circuit con?guration and mini 
mum circuitry. 

In particular, in the case of a motor driving apparatus 
comprising the inverter and converter units in separate hous 
ings, various combinations are possible for the number of 
inverter units to be connected to one converter unit and the 
number of motors to be connected to it via the inverter units, 
but if the mechanism for transmitting the voltage information 
and the sWitch ON timing noti?cation signal from the con 
ver‘ter unit to all the inverter units, such as described above, is 
incorporated into the communication means for communicat 
ing betWeen the converter unit and the inverter units, then 
Whatever combination is chosen for the number of inverter 
units and the number of motors to be connected to the con 
ver‘ter unit, insulation resistance deterioration in any of the 
motors connected to the same converter unit via the plurality 
of inverter units can be detected Without changing any con 
nection or making any special setting for the motor insulation 
resistance deterioration detection function. 

Furthermore, in the present invention, since the sWitch ON 
action and voltage information from the one converter unit is 
shared by the plurality of inverter units so that all the inverter 
units perform measurements for the detection of insulation 
resistance deterioration simultaneously With the same timing, 
the time required to complete the measurements is the same as 
the measurement time required for one motor regardless of 
the number of motors, and the measurement time can thus be 
shortened. Further, if the number of motors is increased or 
reduced, such changes can be accommodated Without chang 
ing any connection or making any special setting. 

FIG. 2 shoWs a speci?c con?guration example of the mea 
suring circuits 38, 60, and 62 in FIG. 1. Each circuit measures 
the voltage across the detection resistor, and since the detec 
tion resistor 36, 48, 52 is connected to the primary circuit, the 
detected voltage is converted by an insulation ampli?er 72 
into a secondary potential Which is then input to the A/D 
converter 40, 64, 66 for conversion into digital data. 
The voltage or current converted into the digital data by the 

A/D converter 40, 64, 66 is eventually input into the micro 
computer 44, 46 for processing. For the voltage, the DC link 
voltage (V DC) is calculated from the relationship of the volt 
age dividing ratio betWeen the detection resistor 36 and the 
resistor 34 connected in series to it. For the current, ?rst the 
voltage across the detection resistor 48, 52 is detected, and 
then the current ?oWing through the detection resistor 48, 52 
is calculated from the detected voltage value and the value of 
the detection resistor 48, 52. 

The invention claimed is: 
1. A motor insulation deterioration detection device for 

detecting insulation deterioration in a plurality of motors 
connected to a motor driving apparatus comprising a con 
ver‘ter unit having a rectifying circuit for rectifying AC poWer, 
a smoothing capacitor for smoothing an output of said recti 
fying circuit, and a plurality of inverters for inverting DC 
poWer output from said converter unit into AC poWer and for 
driving said plurality of motors, respectively, said detection 
device comprising: 
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a single ?rst switch Which is turned on to connect one end 
of said smoothing capacitor to ground When detecting 
insulation deterioration; 

a single voltage detector Which detects a voltage across 
said smoothing capacitor; 

a plurality of second sWitches Which are turned on to con 
nect the other end of said smoothing capacitor to Wind 
ings of said plurality of motors, respectively, When 
detecting insulation deterioration; 

a plurality of current detectors Which detect a discharge 
current of said smoothing capacitor that ?oWs via insu 
lation resistances of said plurality of motors, respec 
tively, When said ?rst sWitch and said plurality of second 
sWitches are turned on; and 

a plurality of insulation resistance calculators Which cal 
culate the insulation resistances of said plurality of 
motors, respectively, from the voltage detected by said 
voltage detector and the currents detected by said plu 
rality of current detectors, Wherein 

6 
said single ?rst sWitch and said single voltage detector are 

provided in said converter unit, and said plurality of 
second sWitches, said plurality of current detectors, and 
said plurality of insulation resistance calculators are 
respectively provided in said plurality of inverter units, 
Wherein 

said detection device further comprises communication 
means for transmitting the voltage value detected by said 
single voltage detector and a signal notifying the timing 
When said single ?rst sWitch is sWitched ON from said 
converter unit to said plurality of inverter units, Wherein 
connection by said second sWitches, current detection 
by the current detectors, and calculation of the insulation 
resistances by the insulation resistance calculators are 
performed in the respective inverter units simulta 
neously With the same timing. 


